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Abstract 
This paper deals with a solution of air flow around the group of structures. Boundary layer for urban terrain was simulated in 
BLWT STU wind tunnel. The series of flow characteristics were investigated with boundary layer for the urban terrain, which was 
simulated with rough elements and barriers of different heights. Experimental results presented as mean velocity, turbulence 
intensity, integral length scale of turbulence and power spectral density were compared with [1] and ESDU data. Wind environment 
studies around idealized building and building configurations were carried out with the major focus on flow caused by strong wind 
with different directions. In this research, a series of parametric wind tunnel studies was carried out to investigate the effects of 
building width, height and the building configurations on the wind pressure distribution [2, 3 and 4]. In the article, we will discuss 
this issue for atypical building configuration in the center of Bratislava. We will indicate the high wind speed areas for strong wind 
conditions and try to find optimal solutions in terms of the planned groups of new buildings. The wind pressure distribution on the 
structures is an important parameter in terms of wind load calculation. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 
The wind action is represented by the pressures or forces whose effects are equivalent to the extreme effects of the 
turbulent wind. The effect of the wind on the structures depends on the size, shape and dynamic properties of the 
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structures, orography and meteorological data, type of terrain and reference height. Because the last years were 
accompanied by the rise of the wind storms and high wind velocity, it is necessary to consider that wind effect should 
be a dominant design factor for high-rise buildings, and for buildings in groups. For the structures with atypical design 
and size and for the mountainous regions it is necessary to perform the tests on scaled models for evaluation of some 
needed wind quantities. The wind tunnel tests are used for the study of building complex and their surrounding and 
for some environmental problems like dispersion of pollutant in atmosphere, which depends on the turbulence intensity 
and integral length scale. In most urban areas, an important problem is the achievement of an acceptable wind comfort 
around the buildings, with aspects that concern the quality of life and the use of the area affected by the buildings, 
associated to social and economic impacts. Local wind speed data are predicted by using the wind tunnel or CFD 
simulations. Statistics of a reference wind speed at the building location is needed for determination of wind load.  
 
Nomenclature 
z0 roughness length [m]  
u* frictional speed [m/s] 
ț  von Karman coefficient [-] (equalled to 0.4) 
ȡ air density [kg/m3] 
Ĳ0 shear stress at the ground [Pa] 
vm(z) mean wind velocity [m/s] 
kr terrain factor [-] 
k1 coefficient of turbulence (equalled to 1.0) 
Iv(z) intensity of turbulence [-] 
cr(z) roughness factor for zmin  z  zmax 
zmin minimum height [m] 
zmax is equalled to 200 m [m] 
co orography factor [-] 
vref,0 basic reference velocity [m/s] 
z0,II roughness length for terrain category II (equalled to 0.05 m) [m] 
cpi internal pressure coefficient [-] 
cpe external pressure coefficient [-] 
2. Boundary layer tunnels 
The experimental investigations have to be performed in Boundary Layer Wind Tunnels (BLWT), where 
atmospheric circulation is reproduced. These types of tunnels are differing from aeronautic ones due to their length 
from inlet to test section. This is necessary to reproduce correctly the roughness of the earth surface covering different 
terrain categories according to [1]. The special devices like grids, foils and walls or Counihan vortex generators may 
be inserted along wind tunnels, [5].   
BLWT wind tunnel in Bratislava was designed with open circuit scheme (see Fig.1) and two test sections. All the 
tests were conducted in working rear section 2.6 m wide, 1.6 m high and with 15 m long BL simulation. 2.4 m diameter 
turntable helps to investigate many directions of incoming wind. The operating wind speed range is 0.2 – 32 m/s.  
Simulated boundary layer requires the similarity criteria in four basic parameters: 
x profile of mean value of longitudinal component of velocity vector; 
x profile of turbulence intensity;  
x integral length scale; 
x power spectral density function. 
The mean wind velocity and intensity of turbulence profiles were simulated with plastic foil FASTRADE 20 and 
wall 150 mm. BL simulations proved to be in good agreement with logarithmic law, see [5 and 6]. ABL simulation 
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with value of roughness length z0 = 0.7 – 0.77 m is between terrain category III – IV according [1], closer to the terrain 
category IV and represents urban centre of big cities, [7]. 
 
 
Fig. 1. BLWT STU tunnel with two measurements sectors (overview and scheme). 
3. Boundary layer tunnels 
3.1. Design wind speed 
Fundamental value of reference wind velocity is basic wind velocity at the height 10 m above Flat Uniformly 
Rough – Terrain II, in Bratislava vref,0 = 26 m/s. The vertical line of mean wind velocity is defined by logarithmic law 
(Eqs. 1 and 2). 
     0/ln/ zzuzvm   N    (1) 
UW /u 0     (2) 
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The results of the experimental measurements in the preparation of boundary layer [6] for mean wind velocity 
profiles were:  
    1.2/10ln51.1  zzvm               for vref = 9.4 m/s  (3) 
    92.1/10ln1.2  zzvm             for vref = 14.1 m/s  (4) 
The mean wind velocity due to [1] depends on terrain roughness and is defined up to 200 m by logarithmic law:  
        ref,0o.II,ref,0orm vcz/zlnz/z.vcz/zlnkzv   0070000 190   (5) 
 0rr /ln)( zzkzc               (6) 
  07.0II0,0r /19.0 zzk    (7) 
 
Fig. 2. Measured turbulent wind velocity in ROS of BLWT in three levels - A, B, C. 
Design wind speed was derived from the 50 – year return period. Turbulence intensity (according to Eq. 8) 
measured in operating sector is in Fig. 2. 
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3.2. Wind direction 
The 0° wind direction has been chosen for geographical North (90° East, 180° South, 270° West). The wind 
direction denotes the direction of prevailing wind. The territories of Western Slovakia and Bratislava city are very 
windy. This is due to North-West flow through the so-called Devin Gate along the Danube River (see the wind rose 
for Bratislava – Fig.3). 
 
Fig. 3. The frequency of wind directions in parts per thousand in Bratislava city. 
3.3. Peak wind velocity in Western Slovakia 
Maximum wind gusts measured in Bratislava during the years 2000 - 2010 by Slovak Hydrometeorological Institute 
is in Table 1. On this basis, a proper attention should be given to local wind effects. 
Table 1. Gust wind speed in Bratislava city. 
SHMI Maximum wind speed (m/s) 
Wind direction (º) Date 
Bratislava – city 44.0 310 1st March, 2008 
Bratislava - airport 38.3 290 13th March, 2008 
 
4. Wind tunnel measurement 
A model scale of 1 : 300 has been selected for the study. At this scale, the model of high-rise building and existing 
surrounding allows a good representation of the details (see Figs. 4 and 5). Measurements were taken for a full range 
of wind directions in increments of 15°. The sign convention for the cladding pressures: positive value indicates 
pressure and negative value indicates suction.   
15 differential pressure sensors were placed along the tunnel for permanent monitoring of longitudinal pressures. 
Almemo type MA25902 with thermo-anemometer probe type FVA935TH5K2 was used for detailed measurements 
of reference wind at the position of model. Hot-wire anemometer MiniCTA Type 54T42 (Dantec Dynamics) was used 
for determination of value of horizontal and vertical velocity profiles and spectrum of turbulence intensity. The 
distribution of wind pressure on planned high-rise building was monitored by using pressure scanner DSA 3217 
(Scanivalve). Measurements were fully automated, i.e. values of temperature, barometric pressure, wind pressures and 
values of wind velocities were automatically recorded and analyzed in self-developed programs created in software 
LabView. 
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Fig. 4. (a) positions A, B, C, D of measured points; (b) view of the model TWIN A1 building. 
 
 
Fig. 5. Building configurations - TWIN A1 and VUB Bank buildings (in the scale 1: 300). 
5. Results and discussion 
Comparison between the wind pressure on the facade of the white building obtained by calculation according to 
[1] and the values obtained by experimental measurements (EXP) is shown in the graph in Fig. 6. We used internal 
pressure coefficients cpi = 0.2 and cpi = -0.3 according to [1]. The resulting wind pressures obtained experimentally 
were significantly lower than conservative values in accordance with EN standards. Local sucking on the rounded 
corners of the facade was significantly higher than Normative coefficient cpe = -1.2 for the region around the corner 
of the building and reached values cpe = - 1.47. 
a b
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Fig. 6. Comparison of the wind pressure on building in X direction (prevailing wind direction). 
6. Conclusion 
We monitored the distribution of wind pressure on the high-rise building TWIN A1 – 90 m high building with 
surrounding lower parts (in scale 1:300). The orientation of the building in relation to the prevailing wind directions 
plays an important role in the wind load. The results were compared with [1] and they pointed to the conservative 
approach of standard [1] as well as the local peak pressures on the façade. 
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